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Abstract 
Difficult implementation of software development projects in the automotive industry have to face the velocity strategies for the 
use  of  the  latest  technologies  that  would  provide  the  success  of  this  type  of  projects,  namely  the  frequency  of  change 
requirements during the life cycle.  Current complexity determines the implementation of development strategies that would 
provide optimal projects structuring from the software field. In the first part the paper presents a comparative analysis of classical 
life cycle of IT projects with different life cycles of AGILE projects type from the automotive industry. In the second part it is 
configured in a teaching manner a conceptual model, which integrates Critical Chain method, based on the philosophy Theory of 
Constraints (TOC) developed by Goldratt, with life cycles analyzed, to avoid delays in the project and more to cope with 
disturbances caused by changing requirements in the each phase of the project life cycle. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of Academic World Education and Research Center. 
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1. Introduction 
Like in all software development projects, the necessity to reach the project milestones is essential for the project 
success. As the project is “a temporary endeavor undertaken to create a unique service or result“(Project 
Management Body of Knowledge), the interest of the project owner is to create a highly innovative software 
product. As to create highly innovative products, the change of requirement is possible in order to meet these 
preconditions.  
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The main question of this paper is how to meet the project objectives by creating new innovative software 
products, without delaying the project milestones.  
The objective of this paper is to analyse the software development models and to develop strategies that would 
provide optimal software project structures. As in automotive industry the use of newest technology gets more 
important, the change of project structure and development models becomes mandatory. Milosevic and Patanakul 
(2005) citing Eisenhardt (1989) said that a fast developing environment abounds in fast requirements changes.  The 
use of new technologies and the creation of innovative products involves changes of requirements during project 
development. De Bakker et al. (2010), said that the project requirements will certainly change and this will affect the 
project milestone and cost.  
The requirement changes during project development implies a higher risk in reaching the project objectives.  
In the first part, the paper presents a comparative analysis of classical life cycle of IT projects with different life 
cycles of AGILE projects type from the automotive industry. In the second part it is configured in a teaching manner 
a conceptual model, which integrates Critical Chain method, based on the philosophy Theory of Constraints (TOC) 
developed by E.M. Goldratt, (1997) with life cycles analyzed, to avoid delays in the project and more to cope with 
disturbances caused by changing requirements in the each phase of the project life cycle. 
2. Comparison of traditional and AGILE project models 
The use of electronic components in different complex systems conducted us to the necessity of analyzing the 
working models. In software projects the working models refers to the methodologies used in software development.  
     Table 1. Comparison between traditional and agile models. ( Nerur, Mahapatra, Mangalaraj 2005). 
 
 Traditional Models AGILE 
Fundamental Assumptions Systems are fully specifiable, 
predictable, and can be built 
through meticulous and 
extensive planning 
High-quality, adaptive 
software can be 
developed by small 
teams using the 
principles of continuous 
design improvement 
and testing based on 
rapid feedback and 
change.  
Control Process centric People centric 
Management style Command-and-control Leadership-and-
collaboration 
Knowledge Management 
 
Explicit Tacit 
Role Assignment Individual—favors 
specialization 
 
Self-organizing teams—
encourages role 
interchangeability 
Communication Formal Informal 
Customer’s Role Important Critical 
Project Cycle Guided by tasks or activities Guided by product 
features 
Development Model Life cycle model (Waterfall, 
Spiral, or some variation) 
The evolutionary-
delivery model 
Desired Organizational 
Form/Structure 
Mechanistic (bureaucratic 
with high formalization) 
Organic (flexible and 
participative 
encouraging cooperative 
social action) 
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Technology No restriction Favors object-oriented 
technology 
 
 
The most important traditional development models are: 
x Spiral-Model; 
x Waterfall-Model; 
x V-Model; 
x W-Model; 
 
The most important agile methodologies are: 
x SCRUM 
x Extreme Programming 
x Lean Development 
x DSDM 
x ASD 
x Crystal 
x FDD 
x AMDD 
 
Table 1 presents the analysis made by Sridhar Nerur et al. (2005) on the main characteristics of the software 
development models. 
3. The metamorphosis of software processes in automotive industry.  
Analysing the processes used in automotive projects, one can observe that the traditional development models 
are used, most likely the V-cycle model. Brown and Eisenhardt (1997) said that the success of projects depends on 
the grade of standardization of projects. One of the reason of project failures is the use of standardisation because of 
historical reasons. 
As in automotive production the most activities have mechanical origin, the use of traditional models is 
recommended. The requirement changes in production are almost inexistent. Comparing the two developing models, 
traditional vs. agile from Table 1, the fully specified production system implies using the traditional developing 
model.     
The development of electronic components in automotive projects appeared later. As at that time there were no 
specific models for software projects, the industry decided to use the existing “traditional” processes. Because at the 
beginnings of software projects in automotive industry started slowly, the use of traditional models were enough to 
achieve the project objectives. 
The development of electronic components in automotive products became very fast in last years. This led to the 
fact that “the life cycle of products does not respect anymore the profile of the classic curve, this curve turned in the 
profile of a saw tooth. Before ending the phase of introducing the product on the market, the product is considered 
already outdated” (Prostean, 2001). 
The short development times of high technology products and short introduction intervals to the market, led us 
the idea of studying the processes used in automotive projects. The use of traditional models does not fit anymore to 
the precondition of software development projects. In order to be competitive, the requirements will change during 
development of software projects. This leads to need of adapting the existing traditional models by including agile 
methodologies in different stages of the model.  
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4. Critical Chain methodology in software projects 
Reaching project milestone is the most important objective of high technology projects. By using traditional 
development models, this objective can be reached only if project preconditions are not changed. An example of 
precondition is the clear definition of project content. In automotive projects, where technology is advancing very 
fast, “the projects client has the interest to develop high technology by changing the project requirements” (Hutanu, 
Prostean, Mnerie & Badea (2013).  Collins and Baccarini (2004) considered that a clear content is a necessary 
factor, which leads to the fulfillment of client needs. Clarke (1999), stated that without specifying the project 
content, the project objectives can be vague and the development team can lose their focus on project objectives. 
Merisalo-Rantanen, Tuunanen and Rossi (2005) said that requirements will change almost certainly. According to 
literature the project precondition will certainly change. This is why the changes have to be analysed before 
accepting them, depending on several factors, Hutanu et al. (2014) like: 
x Market significance 
x Number of lines of code which has to be modified 
x Number of modules which have to be adapted in order to implement the change 
x Time required for complete change request until final system validation. 
 
Before taking any measures for improving the actual processes, it is necessary to analyse the current model by 
applying Goldratts Critical Chain method based on the philosophy Theory of Constraints. The theory of constraints 
says (1997): 
x identify the system's constraints 
x decide how to exploit the system's constraints 
x subordinate everything else to the above decision 
x elevate the system's constraints 
 
In classic projects the critical chain was defined as the longest way of any process. The definition of the critical 
chain was made without taking into consideration the constraints resulted by the resources used.   
Like in production systems, the project manager tries to improve every process from A.11 to A.55 without taking 
into consideration the resources involved.  Some of the improvements in software projects are code reviews until 
test automation. Because in complex software systems the resources are used in parallel, the improvement of some 
processes will not lead automatically to system improvements. The critical chain is calculated by adding the times 
necessary for every activity on the longest process. An example of the critical chain is compound of the activities 
A4n, where n=[1..5]. 
The first step in optimizing the development chain is to remove the safety buffer for every activity and create a 
buffer for every process chain. These buffers are used in case of any delay caused by any activity during the 
development chain.  
The critical chain taking into account the resources used in projects and the optimization made by using a 
common project buffer. Goldratt (1997) described the necessity to take into consideration all factors which could 
lead to any constraint. After identifying the critical chain as being the “longest way” in a project the methods 
described in the TOC have to be applied. 
5. Requirements changes. Implication on project schedule. Structure of new conceptual model. 
Taking into consideration that the requirements will change during project development and the milestones will 
be affected, M. DeBellis and C. Haapala (1995) and C. Hood et al. (2008) said that the greatest challenge is the fast 
evolution of requirements which tend to become obsolete.  
The second issue generated by modifying the system requirements are the project delays. In automotive projects 
the delays can have a big impact on company’s success. Solutions have to be found by using the known 
preconditions: 
x Traditional V-Cycle development models is used 
x Critical Chain method is already applied and constrains is identified. 
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By modifying requirements, the V-cycle has to be modified or interrupted and the development has to start from 
the beginning.  
It is presented the delay and the critical path in case of requirement changes while project’s architectural design is 
developed. As the scope of the automotive projects is to cope with disturbances, some supplementary measures have 
to be applied. As in this particular case, the disturbance has applied in the phase of architectural design, a new 
development method should be applied in order to minimize the delay.  
The new conceptual model uses the ASD (Adaptive software development) agile methodology in order to reduce 
development time. ASD is used mainly in big projects and is composed of three phases: 
x Speculation; known as planning phase in traditional development models. 
x Collaborate; this term stands for the importance of teamwork. 
x Learn; this term stands for learning from the mistakes made already in project. 
As one of the most important characteristic of this model is the tolerance on changes, the conceptual model will 
replace the traditional phases “requirement specification” until “architectural design” with the ASD methodology. 
The advantage would be: 
x The product features will be discussed in a meeting (JAD) with the customer representative.  
x All modules are built change tolerant.  
x The majority of modules (not affected by change) can be further developed without having to wait for the new 
requirements to be included into the system.  
 
6. Conclusions 
In this paper were presented continuous upheaval due to changing requirements, and respectively appropriate 
methodologies to solve them in a teaching manner, easy to follow, for reinstatement automotive type project in 
schedule. 
The growing number of electronic components in automotive industry and the essential need to keep the project 
milestone led us to the subject of this paper. As the requirements will change during development, new solutions 
have to be found in order to meet project objectives. As in automotive industry, the use of traditional models are set, 
a new model based on the V-cycle has to be created. We managed to identify the constraint of the traditional model 
and replace the constraints with an agile methodology. This creates the advantage in the phases of requirement 
specification and design that the team downstream of the chain can start their work. Significant is also the fact that 
the work done until the time of requirement change does not have to be thrown away. The agile methodology will 
allow to design the modules in such manner that these modules can be extended. 
Further work will be to analyse the impact of changes on every phase of the traditional model. For every phase 
impacted by change, a new methodology will be applied. This will help in minimizing the impact of change on 
project objectives. 
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